DnaK, hsp73, and their molten globules. Two different ways heat shock proteins respond to heat.
The thermal stability of bovine brain hsp73, Escherichia coli DnaK, and its mutant T199A was studied by a combination of spectroscopic and chromatographic methods. DnaK undergoes a temperature-induced conformational change that leads to the formation of a molten globule at physiologically relevant temperatures (midpoint of the transition, tm, 41 degrees C). Native DnaK binds to a denatured form of alpha-lactalbumin in a temperature-dependent manner with maximum rate at about 40 degrees C. The molten globule of DnaK is unable to bind denatured alpha-lactalbumin but recovers native structure and activity upon cooling. The half-life of the refolding process is 10 min at 35 degrees C. Mg/ATP and Mg/ADP increase the thermal stability of DnaK; in the presence of these nucleotides the tm is shifted to 59 degrees C. Binding of Mg/ATP (but not Mg/ADP or Mg/adenosine 5'-[gamma-thio]triphosphate) causes a conformational change in DnaK as determined by the emission fluorescence spectrum. The DnaK mutant T199A which lacks the threonine residue that is essential for ATP hydrolysis and autophosphorylation activity (McCarty, J. S., and Walker, G. C. (1991) Proc. Natl. Acad. Sci. U. S. A. 88, 9513-9517) shows nearly identical properties to the wild type in the presence or absence of nucleotides. Hsp73 undergoes similar temperature-induced transitions as determined by spectroscopic methods (Palleros, D.R., Welch, W.J., and Fink, A.L. (1991) Proc. Natl. Acad. Sci. U.S.A. 88, 5719-5723); however, contrary to DnaK, the molten globule of hsp73 irreversibly aggregates at temperatures higher than its tm (42 degrees C).